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® Processfortheproductlonofeyntheslegas. 

@ Process for the production of synthesis gas with an in- 
creased Ha/CX>ratio from nomialiy gaseous hydrocartxxis com- 
prising the fdiowing steps: 

a) at least one nomialiy gaseous hydrocartXKi is converted 
into a synthesis gas comprising Ha and CO by partial oxidation 
with an oxygen-containing gas; 

b) at least one nomially gaseous hydrocartxxi is converted 
with steam into a gaseous mixture comprising IH2 and CO; 

c) the gaseous mixture comprising H2 and CO, fonned in 
01 stop (b) is separated into a CO-contalning stream and a Ha 
^tf stream; 

d) the Ha/CO-ratio of the synthesis gas produced in step (a) 
is increased by adding at least part of the Ha stream obtained in 

gstep(c) 

o 

08 
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FRXESS FOR THE PR0O9CTIQN OP SUHHESIS GAS 

Ohe invention relates to a process for the proauction of 
synthesis gas with an increased Hj/OO-ratio from nonnally 
gaseous hydrocarbons conprising the follcwing steps: 

a) at least one narmally gaseous hydrocarbon is converted 
into a synthesis gas conprising H2 and GO by partial 
oxidation with an oxygenrcontaining gas; 

b) at least one nonnally gaseous hydrocarbon is converted 
with steam into a gaseous mixture ootpprising H2 and CX); 

c) the gaseous mixture conprising and 00, formed in step 
(b) is separated into a 00-oontaining stream and a Hj 
stream; 

d) the Hj/ca-ratio of the synthesis gas produoed in step (a) 
is increased by adding at least part of the H2 stream 
obtained in step (c) thereto. 

An object of the invention is to increase the Hj/OO-ratio 
of a synthesis gas resulting from the conversion of normally 
gaseous hydrocarbons therday enabling the reaction of the 
carbon ccnpuonds with an optixnsd or near cptinel oonsuirption 
of energy and materials in the manufacture of synthesis gas 
from gaseous fuels. By-products and waste products from che- 
mical synthesis and natural gas can be enployed as the gaseous 
fuels. 

In the autothermic partial oxidation of hydrocar b ons the 
necessary thernal energy is supplied by the process itself via 
partial oonbustion of the feedstock. This technique is also 
technically involved as well as requiring an oxygen-ccntaining 
gas. 

The axygen-contaixiing gas may be pure oxygenr air or mix- 
tures of pure oxygen and air. 
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In view of the depletion of oil reserves^ the partial 
OKidation of gaseous fuels to synthesis gas, vjhich is a 
feedstock for nai^ chemicals^ is a subject of growing interest* 

The partial coddation of gaseous f eedstocOcs can take 
5 place according to various established processes. 

These processes inclv^ the Shell Gasification Process. A 
conprehensive survey of this process can be found in the Oil 
and Gas Journal, Septeniber 6, 1971, pp 85-90. 

The partial oxidatian of gaseous fuels is usually carried 
10 out at tenperatures around 900 to roughly 1600 "^C, preferably 
1100 to 1500 ®C and pressures up to 100 bar, preferably 5 to 
100 bar. 

As a consequenoe of the hi^ partial cecidation teaxperature 
and the use of gaseous fuels as feedstocdcs, the resulting syn- 

15 thesis gas ccmtains no ash, slag, soot or tar, thereby elimi- 
nating the necessity of using expensive purification steps. 
Raised pressure, hi^ tenperature and a gaseous feed lead to a 
hi^ degree of conversion and relative to the volume of the 
gasification chattber, they effect a hi^ specific throu^^wt. 

20 In the najority of plants in \Aiicih synthesis gas converted 
into products sucii as amcnlaf Okd ocnpownds, nethanol or 
products from Hie Piscdier-Tropscih synthesis and \i*icai operate 
under pressure/ a considerable part of the investment required 
for the oonpcession can be saved on partial oxidizing gaseous 

25 fuels under pressure. CJonpared to the established gasification 
processes in \*loh ash-oontaining fuel is enplcyed or ^ch 
operate under normal pressure, the pressure partial oxidation 
of gaseous fuel permits a considerable saving in the manufac- 
turing costs of synthesis gas. 

30 The endothennic conversion of gaseous hydrocarbons with 

steam is described in "EMyclopedia of chemical technology" by 
Kirk-Othner (3rd edition, 1980); Volume 21, page 543. 

Endothermic thermal or catalytic reaction of gaseous . 
hydrocailxans, in the presence of steam to produce caiton 
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ircnoKide and hydrogen is an established reaction vdiich is 
operated industrially using various processes. Sudi a process 
can be carried out in a tubular reactor, the necessary heat of 
• reaction being s\?5)lied via heat transport through the walls 
5 of the tubes or in a nedium of externally heated solid heat 
exchanger matericil e.g. fine grained solid ^diich is used in a 
f luidized bed. 

Hhe kncwn processes necessitate involved technology and 
exhibit low thermal efficiency. 

10 As mentioned hereinbefore the gaseous mixture conprising 

H2 and 00 formed in the ocnversiGn of normally gaseous tiydro- 
carbGn(s) vdth steam (step b) is separated into a 
00-containing stream and an H2 stream, niis separation step 
(c) can be carried out in every possible way e.g. cryogenicly, 

15 by means of msnisranes, adsorption and/or adsorption. 

It is preferably carried out by means of a pressure swing 
adsorption process. Such a process is described in IS patent 
specification No. 3,699,218. The CD-containing stsream resulting 
fron separation step (c) mainly consists of 00, OO2 and CH^. 

20 . At least part of it is preferably used for burning and at 

least part of the heat generated in this way is tised for the 
conversion of the normsLLly gaseous hydrocarbons in step (b) . 

At least part of the substantially pure hydrogen stream 
separated in step (c) is mixed with the synthesis gas produced 

25 in step (a) • In this manner the H2/00"ratio of this gas is 
preferably increased to a valtse in the range fron 1.8 t 2.5. 
Such as gas is very suitable for the Sfynthesis of hydrocarbons 
according to the Fischer-!Ctx:psch process, vdiich process is 
described in the book "Olie Fischer-Tropsch and Related Syntheses" 

30 by H.H. Storxdi, N. Golunbic and R.B. Anderson (1951) . ^therefore 
the gas obtained in step (d) is at least in part catalytically 
cam/erted in to a product conprising a hydrocarbon mixt\n?e* 
The invention also relates to a process for the production of 
a hydrocarbon mixture by the catalytic conversion of the 
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synthesis gas produced in step (d) of the present synthesis 
gas generating process. 

This catalytijc conversion is preferably carried out as 
described in one or nace of the following patent documents: UK 
5 patent specifications Nos. 1,548,468 and 2,077,289; UK patent 
fifjplications Nds. 8,320,715; 8,330,993; 8,330,994 and 8,413,595; 
and Itetiierlands patent education No. 8,303,909. 

Ihe product ooqprising a hydrocarixn mixture is preferably 
separated into a gaseous stream conqprising ncn-cxxiverted CD 
10 and and low-boiling hydrocadxxis, and at least one stream 
ocnprising normally liquid l^drocarbons. This sQ>aration can 
be carried out in any possible manner. Advantageously fractional 
distillation is vised for this purpose. 

The low^boiling hydrocarixans present in the gaseous 
15 stream also ocnprising CO and Hj, suitably consist of C^-C^- 
hydrocarbons, but hi^^ boiling hydrocarbons may be present 
in this stream too. At least part of the gaseous stream 
ocnprising GO and and low-boiling hydrocarixms is preferably 
burned, suitably in a furnace, and at least part the heat 
20 generated by this burning is used for tte endothermic conversion 
of at least pert of the normally gaseous hydrocarbons witii 
steam in step (b) of the present synthesis gas generating 
process. 

Aocordijig to another preferred enbodiment of the present 
25 invention at least part of the gaseous stream ocnprising CX) 

and and low^boiling hydrocarbons is used as at least a part 
of the feed to step Os) in order to be converted with steam 
into the gaseous raiscture ocnprising and CX). 

According to still another enbodjmmt of the invention at 
30 least part of the gaseous stream ocnprising 00 and Hj and 

low^boiling Iqnarocarbons is recycled to step (a) to be partially 
oaddized to synthesis gas. 

As nentioned hereinbefore at least one stream ocnprising 
nomally liquid hydroca3±jons is preferably separated from the 
35 product ocnprising a i^drocarbon mixture. 
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Preferably at least part of this (these) nomally liquid 
hydrocariwns-cxaritaining stream(s) is (are) catalytically 
hydrocxacked, advantageously using at least part of the 
stream separated in step (c) of the present process, 
5 This hydrocracking step can be carried out in any possible 

way known in the art. Preference is given to a hydrocracking 
process using a supported noble metal catalyst as described in 
European patent application No. 84,201,256. 9. 

TSie product of the t^^drocrackir^ step is preferably 
10 subjected to a fractional distillation, at least one normally 
gaseous fraction ccniprising non-converted hydrogen and 
low-boiling hydrocarbons, at least one naphtha fraction, at 
least one kerosene fraction and at least one gas oil fraction 
being separated from the hydrocracking prodiict. Hhe naphtha, 
15 kerosene and gasoil fractions are withdrawn from the present 
process as final products. 

The normally gaseous &action(s) ocnprising non-ccRverted 
hydrogen and IcKi^-boiling hydrocarbons (suitably C^'^^) is 
(are) preferably rec^led as a feed to step (a) and/or step 
20 (b) of the present process and/or is (are) advantageously 

burned for generating heat vAiich is at least in part used in 
step (b) of the present synthesis gas production process. 

"Hie synthesis gas with increased H2/CX)-ratio v*iich is 
produced in step (d) of the present synthesis gas production 
25 process can not only be used for the production of hydrocarbons 
but also as a feedstock for methanol production. 

flSierefore at leeist part of the gas obtained in st^ (d) 
is advantageously converted into a product ocnprising methanol. 
Suitably a gaseous stream conprising nonr-oonverted CO and 
30 H2 is separated from this product and at least part thereof is 
burned for generating heat \ihidti is at least in part used for 
the conversion of at least part of the gaseous hydrocailxDns 
with steam in st^ (b) of the present synthesis gas production 
process. 
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Substantially pure nethanol is separated f rem the product 
of the nethanol synthesis step and withdrawn as the final 
product of this step, \*iile heavier products than itiethanol 
being obtained in this separation step are advantageously 
5 recycled to steps (a) or (b) of the present process to be used 
as feedstock for these steps and/or as a means for generating 
heat for st^ (b) . 

Hhe present process will now be further elucidated by 
means of Figure 1 of tte drawing, vtoicii represents a sspaplxSieA 
10 flow schene of this process, to \4iich flew scheme the invention 
is by no means restricted. 

Natural gas is introduaed via a line 1 into a desulphuri- 
zation unit 2 \iaesre sulphur ocnpcunds (HjS) are removed 
therefrom. The desuljtorized natural gas stream is passed via 
15 a lir^ 3 into a gasification unit 4 v*ere it is converted by 
partial oxidation into synthesis gas, mainly consisting of 00 
and Hj. Tb this end air is introduced via a line 5 into an air 
separation unit 6 \A^sre it is separated into a Nj-containing 
stream, withdrawn via a line ? and a substantially pure cocygen 
20 stream passed via a line 8 to a line 9 where it is mixed with 
steam introduced into tiie system via a line 10. 

The oxygen/ steam mixture is passed via the line 9 into 
the gasification unit 4 %*ere it is reac t ed with the desul- 
phurized natural gas. The resulting ^thesis gas having an 
25 Hj/OO-ratio below 1.7 is witMrawn from the gasifter 4 via a 
line 11. It is mixed with si4>stantially pure hydrogen intro- 
duced via a line 12 and the mixture having an Hj/OO-ratio in 
the range frtxa 1.8 to 2.5 is passed via a line 13 to a hydro- 
carbon synthesis omit 14 where it is at least in part 
30 converted to hydrocarbons. Nonrconverted and 00-containing 
gas mixture together with low boiling hydrocailxxis (Cj^-C^) is 
withdrawn from the unit 14 via a line 15. Part of this gas 
mixture is introduced via a line 16 into a steam reforming • 
unit 17 where it is converted with steam (not shewn) into an 
35 and OO-containing gas mixture having a hi^ier H2/CX)-ratio 
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than the synthesis gas produced in the gasifier 4. Part of the 
gas mixture vd.thdrawn fron the unit 14 via the line 15 is 
mixed vdth a CO-containing stream introduced via a line 18 
into a line 19 and the mixture is passed via the line 19 to 
5 the burners (not shown) of the steam reforming unit 17 \ibere 

m 

the mixture is burned in order to furnish tiie heat for the 
endothermic steam refomdng reactions. 

Bie synthesis gas produced in unit 17 is passed to a 
pressure swing adsoAyex 20 in v^hich it is separated into a 

10 CX>"oantaining stream withdrawn via the line 18 and a H2-stream 
withdrawn via a line 21. Part of the H2-stream is passed via 
the line 12 to the line 13. An other part of the H2-stream is 
passed via a line 22 to a hydrocracking unit 23 vdiere it is 
used for hydrocracking normally liquid hydrocarbons produced 

15 in the synthesis unit 14 and passed from unit 14 to unit 23 
through a line 24. 

The hydrocracking product is passed from the Iqrdrocracking 
unit 23 via a line 25 to a fractional distillation \mit 26 
^diere it is separated into a nramally gaseous stream 

20 ocntaining ncnrconverted H2 and li^t hydrocarbcns, a naphtha 
stream, a kerosene stream and a gasoil stream, which streams 
are withdrawn from the system via lines 27, 28, 29 and 30 
respectively. 
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CLAIMS 

1. Process for the production of synthesis gas with an 
increased H2/00-ratio from nonnally gaseous hydrocarbcais 
ccnprising the follcwing steps: 

a) at least aaa nonnally gaseous hydrocarbon is converted 
into a synthesis gas oonprising and C30 by partial 
coddation with an axygenrcontaijung gas; 

b) at least one nonnally gaseous hydrocarbon is converted 
with steam into a gaseous mixture ocqprising H2 and CO; 

c) tte gaseous mixture ccraprising and CO, formed in step 
(b) is separated into a OO-contaimng stream and a 
stream; 

d) the H2/0Oratio of the synthesis gas produced in step (a) 
is increased fay adding at least part of the stream 
obtained in step (c) thereto. 

2. A process as claiitBd in claim 1, in vftiicih at least part of 
the OO-OQntaining stream separated in step (c) is burned and 
at least part of the heat generated by this burning is used 
for the conversion of the nonnally gaseous hydrocarbons with 
steam in step (b) • 

3. A prxDoess as claimed in ai^ one of the {^receding claims, 
in the Hg/OO-ratio of the synthesis gas is -increased in 
step (d) to a value in the range fron 1.8 to 2.5. 

4. A process as claimed in any one of the preceding claims, 
in whicdi the separation of st^ (c) is carried out by means of 
a pressure swing adsorption process. 

5. A process as claimed in any aie of the preceding claims, 
in which the synthesis gas with increased Hj/CO-ratio is at 
least in part catalytically converted into a product com- 
prising a hydrocaadxai mixture. 
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6. A process as claimed in claim 5 in vMch the product 
coiprising a hydrocarbon mixture is separated into a gaseous 
stream ccnprising iKsi-converted CO and H2 and loi^boiling 
l-q^drocarbons, and at least one stream concxrising normally 

5 liquid hydrocarbons. 

7. A process as claimed in claim 6 preceding claims in vdiich 
at least part of the gaseous stream comprising CO and H2 and 
low^boiling hydrocarbons is burned and at least part of the 
heat generated by this burning is \ased for the conversicn of 

10 at least part of the normally gaseous hydrocarbons vd.th steam 
in step (b). 

8. A process as claimed in claim 6 or 7 in vMch at least 
part of the gaseous stream ccnprising 00 and H2 and low 
boiling hydrocarbons dLs recycled as at least part of the feed 

15 to step (b). 

9. A process as claimed any one of the claims 5-8, in tfdiich 
at least one stream ccnprising normally liquid hydrocadxns 
separated fron the product coiprising a hydrocarbcn mixbure is 
catalytically hydrocracked using at least part of the H2 

20 stream separated in step (c) . 

10. A process as claimed in claim 9, in vdiidi the hydro- 
cracking product is subjected to fractional distillation and 
at least one noncally gaseous fraction, at least one na^tha 
fraction, at least one kerosene fraction and at least one gas 

25 oil fraction are separated frm this product. 

11. A process as claimed in claim 10 in \diich the normally 
gaseous £raction(s) is (are)rec^led as a feed to step (a) 
and/or step (b) , and/or is (are) buriied for generating heat 
iidiidi is at least in part xised in step (b) • 

30 12. A process as claimed in ax^ one of the preceding claims 
1--4, in \diich the ^nthesis gas vith increased H2/CX)-ratio is 
at least in part converted into a product ccziprising methaziol. 
13. A process as claimed in claim 12 in vAiich the product 
cGRprising methanol is separated into a normally liquid 
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product oonprlsing nethanol and a gaseous stream oGnprising 
non-converted C30 and H^. 

14. A process as claimed in claim 13 in vMch at least part 
of the gaseous stream oonprising non-converted 00 and is 
burned and at least part of the heat generated this burning 
is used for the oonversicn of at least part of the normally 
gaseous liydrocarbons with steam in step (b) • 
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